In the context of rapid curriculum change, teaching computer science in school requires new skills and knowledge that existing teachers may not have. As well as a programme of teacher professional development (TPD), certification can be used to provide recognition to in-service teachers who have made the transition to computer science. The BCS Certificate in Computer Science Teaching has been designed and developed to give teachers professional recognition of their competence in teaching the computer science elements of the Computing curriculum. In this paper we describe the innovative design of this national certification and our experience over the last two years of its implementation; we are not aware of any similar scheme to offer professional recognition to in-service K-12 computer science teachers.
INTRODUCTION
Many teachers in England are responding to changes in the Computing curriculum, now mandatory from age [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] in state funded schools. The new curriculum has some similarities with the previously taught ICT curriculum in terms of IT and digital literacy content but there is now a substantial focus on computer science. Figure 1 shows some of the content that students aged 11-14 (Grades 6-8) need to cover, including algorithms, programming in two or more programming languages, boolean logic, binary numbers and hardware. Students aged 14-16 (Grades 7-9) who choose computer science need to understand about aspects of programming such as 1 and 2-dimensional arrays and file handling. In addition to understanding a range of algorithms and how to use programming to implement them, students also need to learn new theoretical content in the form of understanding networks, Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than the author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. computer architecture, data representation and logic. In primary schools, the curriculum for children from ages 5-11 (Grades 1-5) includes computational thinking, algorithms, block-based programming and networks [10] .
Teachers of Computing in England need to feel confident both in their content knowledge, and their pedagogical skills in teaching the content, in other words, their pedagogical content knowledge (PCK). There are now many courses and training options available for teachers to attend, primarily in their own time. But how can the knowledge required by a teacher be assessed? How can a teacher convince a head teacher that they are competent to teach the new subject? In this context we sought to design and implement a new certification scheme for teachers of computer science (CS) to complement other aspects of TPD.
The BCS 1 Certificate in Computer Science Teaching (see Figure 2 ) is an evidence-based certification scheme-from now on referred to as 'the Certificate'-for teachers currently teaching Computing. It consists of three parts. The first part involves demonstrating engagement with professional development (PD) opportunities, reflecting on and implementing new skills and knowledge. The second part involves the demonstration of technical competence and involves creating a program of the teacher's choice that is useful in a teaching context. The third part involves reflecting on pedagogy via a small classroom investigation examining a particular approach to delivering the Computing curriculum.
In this paper, we describe the need for certification for CS teachers, the design of the Certificate and our experience of its implementation.
SUPPORT FOR CS TEACHERS
Professional development is an essential part of improving school performance and learner outcomes [6] . Teachers often participate in many hours of training or other prescribed TPD in school or college and attend many external courses in order to improve their own skills in teaching and learning but sometimes even the most well-intentioned efforts to change do not succeed [2] . Evidence points to the fact that teacher professional development should be sustained over time and connected to practice [9, 29, 30] . For sustained change, a framework should be provided enabling teachers to access professional development opportunities, whilst retaining the energy that comes from teachers work- A comprehensive survey of pre-service computer science teacher education by Armoni [1] describes the need for wellinformed educational professionals with an understanding of both content and pedagogy. To improve the supply of new computer science teachers, increasingly pre-service teacher education courses are being developed or refined [31, 7, 12] . Certification within initial teacher education gives new teachers a thorough grounding in pedagogical knowledge, PCK, and also curricular knowledge [12] . However, certification within in-service computer science teacher education is not often discussed, with a few exceptions [15, 11] .
In terms of TPD in CS more generally, much of the support for developing Computing teachers is via training courses and workshops, which suggests an emphasis on a deficit model [16] . However, Kolikant and Pollack highlight the importance of interactions between teachers in in-service professional development in CS [18] and implementations have reported notable success [28, 13, 25, 22] . In a more multifaceted approach to TPD for K-12 teachers [23, 25] , a range of TPD opportunities can be made available, and certification can complement these.
THE CONTEXT
The context in which this certification has been implemented is one of curriculum change across England, affecting teachers in both primary and secondary phases. A new subject, Computing, which comprises some elements of the previous subject, ICT, but with a considerable amount of new academic (i.e. not based on technology alone) material, has been introduced into the curriculum [8] . Moreover this incorporates fundamental concepts of computer science with which some teachers are unfamiliar, and others rather rusty. Recent reports have identified that only 44% of Computing teachers hold a post-school qualification in the subject [20] and that there are currently an estimated 14,000 [secondary] teachers delivering ICT who will need support and training to teach computer science [4] .
There are several initiatives in England to support teachers in the transition from teaching ICT to teaching Computing, including those emanating from Computing At School (CAS). CAS is a grass-roots organisation in the UK which has had a great influence on the emerging changes. CAS exists to provide leadership and strategic guidance to all those involved in Computing education in schools in the UK [24] . Several initiatives within CAS support TPD, including the Network of Excellence, CAS Master Teachers, and the Barefoot, Tenderfoot and Quickstart resources. Computing Massive Open Online Courses (MOOCs) have also been developed and deployed to support teachers develop computer science subject knowledge and pedagogy [26] .
DESIGN CONSIDERATIONS
The Certificate is a CAS initiative and accredited by BCS. It was designed and implemented by the first author to complement other CAS activities. In this section we outline the rationale for its design.
Criteria
The design of the certification drew on research from both teacher professional development and experiential learning. The certification had to meet the following criteria:
• It had to be relevant to teachers with a wide range of existing knowledge and skills. This is in contrast, for example, a university undergraduate or pre-service teacher programme where it can be assumed that students start at roughly the same place.
• It had to be achievable by busy teachers who were in the classroom full-time, by involving activities that would be directly useful to them as teachers.
• It should be rigorous enough to ensure that certified teachers were confident enough in their programming skills to be able to assist students in project work.
• The certification should be centred around a supportive and empowering community of practice.
Learning by experience
Experiential learning describes the process of engaging learners in an authentic experience in which they can make discoveries and experiment with knowledge at first hand. As well as learning by actually practising the skill, experimentation and reflection are also key [17] . A proponent of experiential learning, Mark Smith, proposes that people learn in the following three ways:
• people learn best when they are personally involved in the learning experience; • knowledge has to be discovered by the individual if it is to have any significant meaning to them or make a difference in their behaviour; and • a person's commitment to learning is highest when they are free to set their own learning objectives and are able to actively pursue them within a given framework. [27, p.14] In CS, Liberman et al [19] demonstrate that teachers can behave like novices and experts at the same time -and propose that teachers' developing PCK will help them master new and difficult CS concepts and that their own learning experiences help them to support students.
In addition, our own experience of running professional development courses in programming had led us to realise that attending courses alone did not give teachers confidence in their ability to design and develop complete working programs. The confidence to be able to support students working on their own projects comes from working with whole programs rather than short snippets of code. Thus, the importance of learning by experience was key in the design of the Certificate.
Formative assessment
Certification is necessarily implemented by summative assessment. Long-standing and well-respected research points also to the value of formative assessment in enabling the learner to progress his or her understanding from the feedback given, which should be constructive and developmental [3] . Formative assessment also helps students to appreciate the standards that are expected from them [32] , and, although it can be criterion-referenced, it should be positive in intent and developmental for the learner [14] . It was important to incorporate both formative and summative assessment in the design of the certification. Thus the design of the Certificate included regular opportunities for feedback from supportive assessors, and focused on reflection on learning.
Integration within a broader framework
The Certificate was not designed to be a stand-alone offering to the teaching community. It is part of an integrated model of TPD that can be used to frame CAS activities [25] (see Figure 3) . The focus of CAS has always been around face-to-face training, networking and mentoring [24] with the development of the Master Teacher programme [25] . Teachers can use the training and support provided by CAS Master Teachers or undertaken elsewhere to develop evidence towards the Certificate.
The integrated model of TPD consists of the following six elements, centred on a community of practice:
•
Certification is an important aspect of this framework because it can be linked to other developmental initiatives to support teachers and provides a goal. The certification is separated from training and other elements of the model, so that PD opportunities can be selected that are appropriate to an individual teachers' need.
IMPLEMENTATION
The BCS Certificate in Computer Science Teaching was launched in October 2014, after a six month pilot. The pilot phase enabled us to establish clear assessment criteria, time frames and teacher guidance for the Certificate. 25 teachers completed the pilot. 
Part 1: Reflection on the journey
Part 1 of the Certificate is awarded when teachers have adequately reflected on their experiences of at least 20 hours of eligible CS PD. Eligible PD is that which has been undertaken within two years of the time of submission for the certificate, and includes any training, networking meeting, subject-based conference or MOOC which can be shown to have supported a teacher's professional development. At least half must be made up of face-to-face professional development.
This structure enables teachers to select the subject knowledge training that most meets their individual needs. Teachers should reflect on the benefit to them of the course or training, and on the impact on their learners. They should be able to describe where they are in their journey and what they still may need to learn going forward.
Part 2: Programming skills
The second part of the Certificate requires teachers to develop a project of their choice. Project-based learning is well-known as an approach to develop motivation and understanding [5] and programming skills need lots of practice to develop.
The project must evidence certain minimum skills and should be a working and useful piece of software or tool. The function of the program is important as teachers should aim to inspire their students with the relevance of computer science to everyday life, but often classroom examples are not useful pieces of software: this project should be a working program that teachers will actually use. Following the Certificate's 'rigorous but not onerous' strap-line, only minimum amounts of documentation are needed.
As an example, a program developed by a secondary teacher was a computer science knowledge quiz developed in Python. This program reads in questions from a file, randomly generates questions, returns a score, writes the user name and score to a score file, generates a traffic light level based on the score achieved and displays a personalized certificate.
Part 3: Focus on pedagogy
Reflecting on the effectiveness of different approaches to teaching their subject is a key part of any teacher's PD. This is essential in Computing as the computer science elements are new to the curriculum. We have a growing understanding of good pedagogical approaches for teaching CS and thus a focus on PCK is important.
For Part 3, teachers investigate an aspect of computer science pedagogy, by choosing a particular approach to use, carrying out a small intervention, and then evaluating its success. The classroom investigation is not extensive but it serves as an introduction to classroom research in Computing, and benefits teachers in developing insights into their pedagogy [21] . An example of a Part 3 project might be a small scale classroom investigation into teaching binary to secondary students using Computing 'unplugged-style' activities in the classroom.
Assessment
The Certificate is built round a framework of formative assessment and e-assessors will repeatedly give feedback to assist the teacher and enable them to adequately reach the standard. E-assessors are primarily academics in the field of computer science education or computer science, and have considerable expertise to share with the teachers when considering their work. For example, a teacher may submit a programming project that they feel is ready for assessment as a draft; the e-assessor suggests ways in which the code may be made more efficient, for example by using functions with parameters. Because the feedback is given to the teacher about a program that they have developed themselves, and over which they have ownership, the suggestions for modification to the program may make more sense to them than just working through an exercise on passing parameters into functions.
Once recruited, e-assessors are inducted into the mechanics of how the Certificate operates, the process of providing formative assessment to a teacher and they complete a standardization activity to ensure that the rigor and robustness of the Certificate is maintained. A community of practice has been established for the e-assessors with them meeting physically or virtually three times a year, with the Certificate team and the Senior Assessor, to disseminate good practice, participate in standardization activities, and discuss and suggest developments with the Certificate.
EXPERIENCE TO DATE

Recruitment
The Certificate has been running for 2 years and over 400 teachers have enrolled (see Table 1 ). Teachers are primarily from England, with a small number from elsewhere in, or outside of, the UK.
Each teacher has up to one year to complete their evidence, but this time includes submitting drafts and acting on feedback given by e-assessors. Teachers vary widely in how long it takes them to pass the Certificate, depending on their starting point and time available to work towards it. Some teachers can complete it in a few months, whereas others need the full year.
Teacher feedback
A short survey was designed to review teachers' feedback on their experiences on completion of the Certificate. To date, 36 teachers (37%) have responded to the invite to provide feedback on and influence the future direction of the Certificate with 33 giving permission for research purposes. Answers to the questions have been classified by the authors to identify themes in responses. In response to question 1, some teachers gave more than one reason for taking the Certificate. For example, one teacher said:
"To update my knowledge on Computer Science to prepare myself for the changing curriculum in schools and gain an accredited certification."
. More than half the teachers (51%) wanted to achieve a professional recognised qualification. Another reported that: "I did not study computer science at university. Over the last few years I have developed my subject knowledge through self study and attending a range of courses. I felt the certificate would give me some recognition of my efforts and to give perspective employers confidence in my ability to teach the subject."
.
More than half wanted to develop or enhance their subject knowledge. 27% (n=9) mentioned that they wanted to enhance their computer science pedagogy, 15.2% (n = 5) their self-efficacy, 9% (n = 3) develop competence in programming, 6.1% (n = 2) respond to curriculum changes and one teacher was recommended to undertake the Certificate by his manager.
In response to the second question respondents offered the following strategies that they had adopted: accessing their assessor, using provided resources, time management, working evenings and weekends, working holidays, utilising a support network and applying for extensions. The intention of the Certificate design, although not achieved by all teachers, is that they can fit tasks around their teaching year, as here:
"Blended tasks with actual teaching -used program from task 2 to train staff and students. Used class activity to develop task 3."
Challenges teachers reported that they encountered in completing the Certificate included balancing working fulltime and studying part-time, managing time constraints, and embedding classroom investigation.
Teachers' responses to question 3 were primarily positive with some negative responses. Twenty nine teachers (88%) praised the supportive nature of their assessors with regarding to timely constructive feedback and further guidance:
"My e-assessor very helpful in giving the feedback and ideas to make sure I completed all the tasks given."
In response to the fourth question "Do you think undertaking the Certificate is an important part of on-going professional development for teachers?", 97% of respondents (n = 32) gave a positive response. One teacher stated that: "I definitely believe that the switch of focus away from ICT to Computing needs addressing, and the certificate is a clear way to evidence teachers taking responsibility for their own CPD and that they have reached a good standard of Computing knowledge."
In the final question what had been learned by completing the Certificate, responses included new subject knowledge, new programming techniques, how to use a Graphical User Interface (GUI), unplugged activities, pseudocode and flowcharts and reflecting on professional practice in Part 3. One teacher concluded: "There were many moments when I thought that I would be unable to complete certain required tasks. Completing the certificate has given me the confidence I needed, in my ability as a teacher, to move forward in this field. I have left the certificate with a clear understanding of the requirements for teaching and the necessity of learning. I will be continuing with my CPD in computer science for some time to come." Less positive feedback was around the importance of timely e-assessor feedback and interaction, and two respondents (6%) indicated that the cost of the Certificate could be a potential barrier if teachers were to pay for it themselves.
Modifications over time
The Certificate was established by a very small team; it is now being absorbed into larger organisational systems. Over the last two years, several modifications have been made to address limitations and feedback from teachers.
• The Guided Route: The Certificate now has two routes: the Guided Route and the Independent Route. The Guided route includes online synchronous evening courses with a maximum of 15 teachers so that the tutor can give appropriate support and feedback. This has been a popular route and has attracted over 100 teachers. The Guided route takes the teachers to the proposal stage of the Independent Route.
• E-assessor monitoring: Early teething problems with e-assessors alerted us to the fact that careful monitoring is necessary, along with quality assurance of feedback given; systems are now in place for this.
• Start dates: Originally a teacher could start at any time to provide maximum flexibility to teachers. Administratively this proved to be inefficient; teachers now enrol on the Certificate at bi-monthly intervals.
The Certificate is continually evolving and developing, and there is increasing interest from outside the UK.
CONCLUSION
For a large teaching workforce at different stages of the journey to being competent and confident Computing teachers, a more easily accessible recognition of teachers' competence is needed, without necessarily involving an academic course at a university. In this paper we have described the design and implementation of a unique and innovative certification scheme for in-service Computing teachers that forms part of a holistic model of professional development. The Certificate is continually evolving, and complements a growing range of training opportunities so that teachers can choose what professional development they need for their teaching. The key features that characterise this certification are that a teacher's route to achieving it is personalised, it involves formative assessment, and it involves teachers working on pedagogical investigations and programming projects that relate to their own teaching experience. Feedback from teachers who have completed the Certificate to date is positive.
There are obviously some barriers to adoption. Despite attempts to make the cost minimal, some headteachers are not willing to pay for teachers to take the Certificate, other teachers feel that they don't need the Certificate because they already have the skills they need, and others are unaware of its existence. Some teachers on the Certificate who are working at the same school 'buddy up' to work together: this is very beneficial and the introduction of the Certificate to all teachers at a school at one time might counter some of the obstacles faced.
Overall, we are proposing that there is the potential for this national certificate to be a de facto standard for teachers of Computing. The innovative approach taken here may therefore be of interest to other countries wishing to support in-service teachers in a similar way.
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